Soluble forms of intercellular adhesion molecule-1, vascular cell adhesion molecule-1 and Eselectin (termed sICAM-1, sVCAM-1 and sE-selectin respectively) are found in the plasma, and are elevated during inflammatory conditions in which there is increased expression of the cellular forms of the molecules on endothelial and other cells. sICAM-1, sVCAM-1 and sE-selectin concentrations were measured in the plasma of 140 healthy Caucasian subjects aged between 18 and 75 years (100 males/40 females). sICAM-1 concentrations varied between 59.9 and 299.7 ng/ml (median 150 ng/ml), sVCAM-1 concentrations varied between 222.8 and 1672.9 ng/ ml (median 662 ng/ml) and sE-selectin concentrations varied between 12.4 and 90.3 ng/ml (median 45.5 ng/ml). There were significant positive linear correlations between age and the plasma concentrations of sICAM-1 (r l 0.580 ; P 0.001) and sVCAM-1 (r l 0.392 ; P 0.001), which were retained when the effects of gender, body mass index and fasting plasma triacylglycerol and total cholesterol concentrations were controlled for. The significant positive linear correlation between age and the plasma concentration of sE-selectin (r l 0.234 ; P l 0.027) was lost when other variables were controlled for. Male subjects 40 years of age had significantly lower plasma concentrations of both sICAM-1 and sVCAM-1 than males 55 years of age (both P 0.001), but the difference in plasma sE-selectin concentrations between the age groups did not reach significance (P l 0.073). Subgroups of 16 males aged 40 years and 12 elderly subjects ( 55 years of age) participated in a doubled-blind, placebo-controlled study of fish oil supplementation over 12 weeks. The level of eicosapentaenoic acid in plasma phospholipids did not change with placebo supplementation, but was significantly increased with fish oil supplementation in both young male and elderly subjects (median increase 200 %). sICAM-1, sVCAM-1 and sE-selectin concentrations were unaffected by supplementation with placebo in either young male or elderly subjects. sICAM-1 concentrations were unaffected by fish oil supplementation. sE-selectin concentrations were significantly increased by fish oil supplementation in young males (P l 0.043 ; median increase 38 %), but fish oil tended to decrease plasma sEselectin concentrations in the elderly subjects (P l 0.075), with a median decrease of 11 %. sVCAM-1 concentrations were unaffected by fish oil supplementation in young males. Fish oil supplementation significantly decreased plasma sVCAM-1 concentrations in the elderly subjects (P l 0.043), with a median decrease of 20 % (range 16-60 %). These observations suggest that fish oil decreases endothelial activation in elderly subjects.
INTRODUCTION
Adhesion molecules are cell surface proteins involved in the cell-to-cell communication which contributes to the movement of leucocytes between body compartments. Such interactions involve adhesion molecules on the vascular endothelial cell surface and their ligand adhesion molecules on the leucocyte surface. These molecules serve to bind circulating leucocytes and to promote their movement into the subendothelial space. While this movement of leucocytes is important in mounting appropriate immune and inflammatory responses and in the homing of leucocytes to lymphoid organs, it also appears to play an important role in the development of atherosclerosis and chronic inflammatory diseases [1, 2] . Among the key adhesion molecules on the vascular endothelial surface are vascular cell adhesion molecule-1 (VCAM-1), E-selectin and intercellular adhesion molecule-1 (ICAM-1). These molecules play important roles in the firm attachment and trans-endothelial migration of leucocytes [3, 4] , and have been identified in atherosclerotic plaques [5] [6] [7] [8] [9] [10] [11] . Endothelial VCAM-1, E-selectin and ICAM-1 expression increases if experimental animals are fed atherogenic diets [12, 13] , and a deficiency of ICAM-1 reduces the development of atherosclerosis in such animals [14] . Thus endothelial expression of ICAM-1, VCAM-1 and E-selectin appears play a central role in the development of atherosclerosis and other chronic inflammatory diseases.
Soluble forms of ICAM-1, VCAM-1 and E-selectin (termed sICAM-1, sVCAM-1 and sE-selectin respectively) are found in the plasma [15] , probably as a result of shedding from the surface of activated endothelial cells [16] . The plasma concentrations of sICAM-1, sVCAM-1 and sE-selectin are elevated during inflammatory conditions in which there is increased expression of the cellular forms of the molecules on endothelial cells and other cells [17] . Plasma concentrations of sICAM-1, sVCAM-1 and sE-selectin are higher in individuals with cardiovascular disease than in controls [18] [19] [20] [21] , and there is a positive correlation between the extent of atherosclerosis and the plasma concentrations of sICAM-1 [22] and sVCAM-1 [22] [23] [24] . Recently it was reported that the sICAM-1 concentration predicts future myocardial infarction [25] and represents a molecular marker of atherosclerosis and of other forms of coronary heart disease which is independent of other risk factors [26] .
Fish oil (FO) is rich in the long-chain nk3 polyunsaturated fatty acids (PUFA) eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). FO prevents the development of atherosclerosis in experimental animals fed high-fat diets [27, 28] . Epidemiological studies show a low incidence of coronary heart disease in human populations which consume large amounts of long-chain nk3 PUFA [29, 30] . This effect is certainly due in part to the ability of EPA to lower plasma triacylglycerol (TAG) concentrations, to lower blood pressure, to inhibit platelet aggregation and to prevent thrombosis [31] . However, more recently it has emerged that EPA and DHA potentially have other effects which might also contribute to the protective effect of FO consumption against atherosclerosis and coronary heart disease. Among these effects is the regulation of adhesion molecule expression. EPA and\or DHA have been shown to inhibit the cytokine-induced up-regulation of expression of ICAM-1, VCAM-1 and E-selectin by cultured human endothelial cells [32] [33] [34] [35] and of ICAM-1 by cultured human monocytes [36] . Feeding rats an FOrich diet significantly reduced the expression of ICAM-1 on the surface of lymphocytes [37] [38] [39] , while supplementation of the human diet with FO lowered levels of ICAM-1 expression on peripheral blood monocytes [40] . These studies demonstrate the potential for an FOinduced decrease in adhesion molecule expression, and so in the pathological events that follow from inappropriate movement of leucocytes to the subendothelial space. Whether such effects would translate into altered plasma concentrations of sICAM-1, sVCAM-1 and sE-selectin is unclear. Therefore, in the present study we investigated the effects of FO supplementation of the diet of healthy young and elderly subjects on plasma concentrations of sICAM-1, sVCAM-1 and sE-selectin ; the study was placebo-controlled and double-blind.
MATERIALS AND METHODS

Subjects and study design
All volunteers for the study completed a health and lifestyle questionnaire before entering the study, and doctor's consent for inclusion into the study was obtained. Volunteers were excluded if they took any prescribed medication, were being treated for a hyperlipidaemia, had diagnosed coronary heart disease or diabetes or a chronic inflammatory disease, took aspirin regularly, smoked 10 cigarettes per day, were vegetarian, or consumed FO or other oil or vitamin capsules. Subjects were aged between 18 and 75 years, with a median age of 52 years. All subjects were Caucasian and were free living. The characteristics of the subjects are shown in Table 1 . Subjects fasted overnight before giving blood into heparinized vacutainer tubes. Blood was taken between 08.30 and 10.00 hours, and subjects who were smokers did not smoke in the morning before giving blood. Plasma was prepared by centrifugation of the blood (3000 g, 10 min) within 1 h of collection ; plasma was frozen at k20 mC until analysis.
Subsets of 16 young males ( 40 years of age) and 12 elderly subjects (six males and six females ; aged 55 years) participated in a doubled-blind, placebo-controlled study of FO supplementation. Approval was obtained from the appropriate ethical committees, and all Fish oil and soluble adhesion molecules 
Biochemical analyses
Plasma TAG and total cholesterol concentrations were measured by enzymic procedures using commercially available kits (procedure nos. 337 and 352 respectively ; Sigma Chemical Co., Poole, Dorset, U.K.). Plasma thiobarbituric acid-reactive substances (TBARS) were measured by a modification of the original procedure [41] . Briefly, 100 µl of plasma was incubated with 1.2 ml of 3.35 g\l thiobarbituric acid in 100 g\l trichloroacetic acid for 15 min at 95 mC, and the absorbance was recorded at 535 nm after cooling ; TBARS were calculated using a molar absorption coefficient of 1.56i10& mM −" :cm −" . Plasma sICAM-1 and sVCAM-1 concentrations were measured using commercially available ELISA kits (BioSource Europe SA, Fleurus, Belgium). Plasma sE-selectin concentrations were measured using a commercially available ELISA kit (R&D Systems Europe Ltd, Abingdon, Oxon., U.K.). Inter-and intra-assay coefficients of variation were both 5 % for both the sICAM and sVCAM-1 assay kits ; the inter-assay coefficient of variation for the sE-selectin assay kit was 10 %, while the intra-assay coefficient of variation was 5 %. Minimum detectable concentrations were 0.04 ng\ml for sICAM-1, 0.5 ng\ml for sVCAM-1 and 0.1 ng\ml for sE-selectin.
Determination of the fatty acid composition of plasma phospholipids
Lipid was extracted from plasma with chloroform\meth-anol (2 : 1, v\v) and phospholipids were isolated by TLC using a mixture of hexane\diethyl ether\acetic acid (90 : 30 : 1, by vol.) as the elution phase [42] . Fatty acid methyl esters were prepared by incubation with 14 % boron trifluoride in methanol at 80 mC for 60 min [43] . Fatty acid methyl esters were isolated by solvent extraction, dried and separated by gas chromatography in a HewlettkPackard 6890 gas chromatograph (Hewlett Packard, Avondale, PA, U.S.A.) fitted with a 30 mi 0.32 mm BPX70 capillary column (film thickness 0.25 µm). Helium at 1.0 ml\min was used as the carrier gas, and the split\splitless injector was used with a split\splitless ratio of 20 : 1. Injector and detector temperatures were 275 mC. The column oven temperature was maintained at 170 mC for 12 min after sample injection, and was programmed to then increase from 170 to 210 mC at 5 mC\min, before being maintained at 210 mC for 15 min. The separation was recorded with HP GC Chem Station software (Hewlett Packard). Fatty acid methyl esters were identified by comparison with standards purchased from Sigma.
Statistical analyses
The relationships between concentrations of soluble adhesion molecules and age, gender, body mass index (BMI), plasma TAG concentration and plasma total cholesterol concentration were determined as Spearman linear correlations (r). Partial correlation coefficients for the relationships between soluble adhesion molecule concentrations and age were determined by controlling for other variables that were found to be significantly related to soluble adhesion molecule concentrations (see the Results section). Differences in soluble adhesion molecule concentrations between genders and between different age groups were determined by the MannWhitney U test. Comparisons between placebo oil and FO supplementation groups were made using the MannWhitney U test. The effects of placebo oil or FO supplementation within a single treatment group were determined by the Wilcoxon matched pairs test. In all cases, a value for P of 0.05 was taken to indicate a statistically significant effect. All statistical analyses were performed using SPSS Version 7 for Windows (SPSS Inc., Chicago, IL, U.S.A.).
RESULTS
Relationship between age and plasma concentrations of sICAM-1, sVCAM-1 and sE-selectin sICAM-1 concentrations varied between 59.9 and 299.7 ng\ml (median 150 ng\ml), sVCAM-1 concentrations varied between 222.8 and 1672.9 ng\ml (median (Table 3 ). The partial correlation coefficient for the relationship between plasma sICAM-1 concentration and age, after controlling for BMI, gender and fasting plasma TAG and cholesterol concentrations, was significant (r l 0.355 ; P 0.001).
There were significant positive linear relationships between the plasma concentration of sVCAM-1 and age, BMI and fasting plasma TAG concentration ( Table 3 ). The partial correlation coefficient for the relationship between plasma sVCAM-1 concentration and age, after controlling for BMI and fasting plasma TAG concentration, was significant (r l 0.402 ; P 0.001).
There were significant positive linear relationships between the plasma concentration of sE-selectin and age, BMI, fasting plasma TAG concentration and fasting plasma cholesterol concentration ( Table 3 ). The partial correlation coefficient for the relationship between plasma sE-selectin concentration and age, after controlling for BMI and fasting plasma TAG and cholesterol concentrations, was not significant.
Male subjects were divided into those 40 years and those 55 years of age ; the plasma concentrations of both sICAM-1 and sVCAM-1 were significantly higher (P 0.001) in the older age group (Table 4) . Although the plasma concentration of sE-selectin was higher in the older subjects (Table 4) , the difference did not reach statistical significance (P l 0.073).
Effects of FO on the EPA content of plasma phospholipids and on the plasma TBARS concentration
The level of EPA in plasma phospholipids was not different between young male and elderly subjects in either the placebo or FO groups before supplementation ( Table 5 ). The level of EPA in plasma phospholipids did Fish oil and soluble adhesion molecules not change with placebo supplementation (Table 5) . However, FO supplementation significantly increased the concentration of EPA in plasma phospholipids in both young male and elderly subjects ( Table 5 ). The median increase in EPA in both young and elderly subjects was approx. 200 % (Table 5) . Plasma TBARS concentrations (approx. 4.5 µmol\l) were not different between the young males and the elderly subjects, and were not affected by either placebo oil or FO supplementation (results not shown).
Effects of FO on plasma sICAM-1, sVCAM-1 and sE-selectin concentrations
sICAM-1 concentrations were unaffected by either placebo or FO in both the young males and the elderly subjects (Table 6) .
sVCAM-1 concentrations in the young males and in the elderly subjects were not affected by placebo treatment (Table 6 ). Likewise, FO supplementation in the young males did not alter sVCAM-1 concentrations (Table 6 ). In contrast, FO supplementation significantly decreased plasma sVCAM-1 concentrations in the elderly subjects ( Table 6 ). The concentration of sVCAM-1 was decreased in every elderly subject in the FO group. The minimum and maximum decreases were 16 % and 60 % respectively, with a median decrease of 20 % ; this change from baseline was significantly different from the median percentage change from baseline in the placebo group (Table 6 ). The minimum and maximum absolute changes in sVCAM-1 concentration in the FO group were k161.6 and k469.7 ng\ml respectively, with a median change of k188 ng\ml ; this absolute change from baseline was significantly different from the change from baseline in the placebo group (Table 6) The sVCAM-1 concentration in the elderly subjects before FO supplementation was significantly higher than in the young subjects before supplementation (P l 0.012 ; MannWhitney U test) ; however, there was no significant difference in sVCAM-1 concentration between the elderly FO group after FO supplementation and the young males before supplementation (P l 0.77).
sE-selectin concentrations were not affected by the placebo treatment in either the young males or the elderly subjects (Table 6 ). In contrast, FO supplementation in young males led to a significant increase (P l 0.043) in sE-selectin concentrations ( Table 6 ). The concentration of sE-selectin increased in six out of eight of the young males in the FO group. The median increase was almost 12 ng\ml, representing a 38 % increase (Table 6) . FO supplementation decreased plasma sE-selectin concentrations in the elderly subjects (Table 6) , although this Values shown are medians, with 25th and 75th quartiles given in parentheses. Significance of differences : *P l 0.043, **P l 0.075 compared with level before supplementation (Wilcoxon matched pairs test) ; †P l 0.019, † †P l 0.004 compared with placebo group (Mann-Whitney U test). The change in sE-selectin concentration in FO-supplemented young males compared with placebo-treated young males was not statistically significant (P l 0.063 ; Mann-Whitney U test).
Young males
Elderly subjects effect did not reach statistical significance (P l 0.075).
The concentration of sE-selectin was decreased in five out of six elderly subjects in the FO group. The median change across all six subjects (k4.7 ng\ml) represented a median decrease of 11 % (Table 6 ).
DISCUSSION
The origin and physiological\pathological role of soluble adhesion molecules are not well understood. VCAM-1 and E-selectin are expressed almost exclusively by activated endothelial cells. Thus the most likely origin of sVCAM-1 and sE-selectin is from activated endothelial cells, and this is believed to occur as a result of proteolytic ' shedding ' from the endothelial cell surface [17] . ICAM-1 is expressed at basal levels on monocytes and endothelial cells, and its expression can be strongly induced on a variety of cell types, including endothelial cells, monocytes and macrophages, T and B lymphocytes, dendritic cells and smooth muscle cells, by stimuli such as cytokines. As for sVCAM-1 and sE-selectin, the appearance of sICAM-1 is believed to be as a result of shedding from the cell surface [17] . Thus increased concentrations of sICAM-1, sVCAM-1 and sE-selectin in the circulation are considered to reflect up-regulation of the molecules on the cell surface. The cell-associated forms of these molecules have been identified in atherosclerotic plaques and other chronic inflammatory lesions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , where they are believed to play a role in the inappropriate movement of leucocytes to these sites. If the soluble forms of ICAM-1, VCAM-1 and E-selectin do reflect the activation-induced up-regulation of the cellular forms of the molecules, then they may be useful biomarkers of the development of atherosclerosis and other inflammatory conditions [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Therefore interventions that lower concentrations of soluble adhesion molecules, indicating decreased endothelial activation, may be beneficial and may slow the progress of atherosclerosis. The median concentrations of sICAM-1, sVCAM and sE-selectin among all subjects in the present study (150, 662 and 45.6 ng\ml respectively) compare with mean concentrations of 244, 461 and 33 ng\ml respectively reported for control subjects in the U.S.A. [26] . Mean sICAM-1 and sVCAM-1 concentrations of approx. 200 and 600 ng\ml respectively were reported for both control and hypercholesterolaemic Japanese subjects (both males and females) aged between 20 and 85 years [20] ; the median values reported in the present study are in accordance with these. In other studies in the U.S.A., mean concentrations of sICAM-1 of 150 ng\ml (in healthy males) [21] , 305 ng\ml (in males and females aged 50 years) [22] , 238 ng\ml (in healthy middle-aged men) [41] and 226 ng\ml (in control subjects) [25] have Fish oil and soluble adhesion molecules been reported, while a mean sVCAM-1 concentration of 664 ng\ml in males and females aged 50 years was measured [22] . The ranges of concentrations of sICAM-1 and sVCAM-1 among the subjects in the present study were similar to those reported in the studies in Japanese [20] and American [21, 22, 25, 26, 44] subjects.
A positive correlation between sVCAM-1 concentration and age has been reported in Japanese [20] and American [26] subjects. A similar relationship is shown for the first time in the present study in free-living, healthy subjects (both males and females) in the U.K. A positive correlation between sICAM-1 concentration and age was reported in Japanese subjects [20] . One study in American subjects did not show a relationship between sICAM-1 or sE-selectin concentration and age [26] , but a recent study identified a positive correlation between sICAM-1 concentration and age in American men [44] . The present study found a positive correlation between sICAM-1 concentration and age in free-living, healthy subjects (males but not females) in the U.K. The correlations between concentrations of soluble adhesion molecules and age were stronger in the present study and in the Japanese study [20] than in the American studies [26, 44] . This is most probably because the present study and the Japanese study [20] studied a wider age range years in the present study and 20-85 years in [20] ) than that studied by Hwang et al. (45-64 years) [26] and probably by Rohde et al. [44] (the ages of subjects whose sICAM-1 concentrations were reported by Rohde et al. were not given, but they are referred to as middle-aged). This might also explain why we and Morisaki et al. [20] found a correlation between sICAM-1 concentration and age, but Hwang et al. [26] did not. Both the VCAM-1 and ICAM-1 genes have regulatory sites for the transcription factors AP-1 (activator protein-1) and nuclear factor κB (NFκB) [45, 46] ; these transcription factors are activated by cellular oxidative stress [47, 48] . Several studies suggest that oxidative stress increases with aging [49] [50] [51] . Thus the significant positive correlations identified between concentrations of soluble adhesion molecules and age may reflect the cumulative effects of oxidative stress.
Supplementation of the diet with a moderate level of FO (providing 1.2 g of EPAjDHA per day) for 12 weeks was found to significantly decrease the concentration of sVCAM-1 in elderly subjects. FO did not affect the concentration of sVCAM-1 in young males or that of sICAM-1 in either young males or elderly subjects. The effects of FO on sE-selectin concentrations were different in the young males and the elderly subjects : FO led to an increase in E-selectin concentration in young males, but caused a non-significant decrease in the concentration of sE-selectin in elderly subjects. The median decreases in the concentrations of sVCAM-1 and sE-selectin in elderly subjects given FO were 20 % and 11 % respectively. This is the first time that an increase in the level of nk3 PUFA in the diet has been shown to decrease plasma sVCAM-1 concentrations.
Three studies have previously examined the influence of FO on concentrations of soluble adhesion molecules [52] [53] [54] . None of these studies reported an FO-induced decrease in the sVCAM-1 concentration. This might be explained by the types of subjects studied, by the levels of nk3 PUFA provided or by the nature of the experimental protocols used. Seljeflot et al. [52] provided 4.8 g of EPAjDHA per day for 6 weeks to hyperlipidaemic subjects aged 41-57 years who habitually smoked 10 cigarettes per day. Fasting blood was taken 90 min after smoking two or three cigarettes, and it was found that sVCAM-1 and sE-selectin concentrations were increased by 8 % and 22 % respectively in the subjects who had consumed nk3 PUFA. Clearly these conditions are very different from those used in the present study with FO, in which subjects were not hypertriglyceridaemic, did not habitually smoke 10 cigarettes per day and did not smoke in the period before giving blood. In addition, the dose of EPAjDHA used was much higher in [52] than in the present study. It may be that the combination of the high dose of nk3 PUFA and smoking imposed significant oxidative stress, which would be expected to increase concentrations of soluble adhesion molecules. It is possible that such oxidative stress does not occur in non-and light smokers given a lower dose of nk3 PUFA. Abe et al. [53] also used a high dose of nk3 PUFA (approx. 3.3 g of EPAjDHA per day for 7 months) in hypertriglyceridaemic subjects (mean fasting plasma TAG concentration of 9.9 mmol\l). After 6 weeks, plasma sICAM-1 and sVCAM-1 concentrations were unchanged, while the concentration of sE-selection was increased significantly by 11 %. After 7 months of treatment with FO, the concentrations of sICAM-1 and sE-selectin had decreased significantly, by 9 % and 16 % respectively, while that of sVCAM-1 had not changed significantly. Again, the different subject group and the higher level of nk3 PUFA used might explain the differences in the findings between [53] and the present study. Most recently, Johansen et al. [54] provided 5.1 g of EPAjDHA to patients with coronary heart disease for 4 weeks, and found that sVCAM-1 and sE-selectin concentrations increased by 25 and 20 % respectively. That study also addressed the potential oxidative stress induced by the high level of nk3 PUFA provided, and found that plasma vitamin E concentrations decreased and plasma TBARS concentrations increased 3-fold [54] . These observations suggested that marked oxidative stress was occurring in the subjects. In contrast, plasma TBARS were not affected by FO supplementation in the present study ; the plasma TBARS concentrations observed are in accordance with values reported elsewhere (e.g. 4.2 µmol\l [55] ). This lack of effect of FO supplementation on plasma TBARS concentrations in the present study is most likely due to the more moderate supplementation level compared with that in [54] (and also [52, 53] , although these latter studies did not measure markers of oxidative stress). Taken together, these studies suggest that providing a moderate level of nk3 PUFA (e.g. 1.2 g of EPAjDHA per day) to normotriglyceridaemic non-smokers can decrease some markers of endothelial activation in some subjects (e.g. those 55 years of age), whereas giving a higher level of nk3 PUFA (e.g. 3.3 g of EPAjDHA per day) to hyperlipidaemic subjects, especially those who smoke, induces oxidative stress which might contribute to further endothelial activation.
The difference in the efficacy of FO intervention between young and elderly subjects in the present study does not reflect differences in compliance or in incorporation of EPA : the level of EPA in plasma phospholipids increased in all subjects taking FO, irrespective of age ; the median increase in both age groups was approx. 200 %. It is possible that the concentration of sVCAM-1 found in young subjects reflects that which results from basal shedding of VCAM-1 during normal physiological processes, while the elevated concentration of sVCAM-1 found in elderly subjects reflects that which results from basal shedding of VCAM-1 during normal physiological processes plus the shedding that occurs as a result of up-regulation of VCAM-1 due to the processes associated with aging. If this is so, then the reduction in sVCAM-1 concentrations in the elderly subjects may reflect the specific inhibition of the age-related upregulation of VCAM-1 expression. In contrast, FO does not appear to affect the age-related up-regulation of ICAM-1 expression, as determined by sICAM-1 concentrations. These observations suggest that VCAM-1 and ICAM-1 are up-regulated by different mechanisms that are not equally sensitive to FO intervention. This is supported by cell culture observations, which showed that cytokine-induced up-regulation of VCAM-1 expression on human endothelial cells is markedly inhibited by culture in the presence of EPA or DHA [32] [33] [34] [35] , whereas up-regulation of ICAM-1 is less affected [32, 35] or not affected at all [33, 34] by nk3 PUFA. The effect of EPA and DHA is exerted at the level of VCAM-1 mRNA [32, 34, 35] , indicating that the fatty acids can downregulate expression of the VCAM-1 gene. This may be via inhibition of the activation of NFκB ; Weber et al. [34] showed that DHA inhibited the activation of NFκB in cytokine-stimulated human endothelial cells. More recently, EPA has been shown to prevent the degradation of IκB, the inhibitory subunit of NFκB [56] , thereby providing a mechanism by which activation of NFκB might be prevented in cells enriched with EPA.
Whatever its mechanism of action, the results of the present study suggest a novel anti-inflammatory and anti-atherosclerotic mechanism of action of FO. Feeding animals a diet containing FO decreases the development of atherosclerosis [27, 28] ; it is possible that this effect is due in part to lowered adhesion molecule expression, leading to decreased infiltration of leucocytes into the vessel wall. This same effect might be partly responsible for the protective effect of FO against the development of human coronary heart disease [29, 30] .
